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(1) (a) [2 points] What is the contrapositive ofp -» (q -> r) 

(M ( _> r 'i ^ .ajQ — — % 'A^ C. — >r~ 


~*pTT*<a u p '. 


V AJ p ae'g SC, ^ C^ a / _ ~ a ro 

(b) [2 points] What Is the negation in English of “ Ahmed will not be happy unless ic ge s ns 
degree " . 


■V A ,Wr>'i g p.4 ^ ^ 11 ^ 


qj P 

(c) [2 points] What is the converse of "It is hot only if it is sunny in English. 7 

il suroHj cyii'j 'iC U Y& 

(d) [2 points] What are the values of p, q* r, and s that make the statement 

(/> A r — > — »f/) — > (q — > r V a) false. ^ ? 4 / 


V ^--7 


cr 




Symbol 

P 

q 

r 

s 

Value 

1 

T 

r~ 

r 

F 


(e) [2 points] Write any statement in the conclusion of the below conditional statement to make 

it a tautology. & ~ J ^ 

p A -•(/ — > !° A 

# 

P 


/\f ^ p A AJ ^ * 


rop v 


V 


(n? vaj P 


(2) Let e(x) : *x Ls even", 

p(x) : "x ls prime", 

.s(x) : k *x Ls a perfect square" 

Write the following in symbolic form using only the quantifiers e(x).p(x), and s(x). where the 
domain Ls Z, the set of all integers. 

(a) [2 points] Some integers that are not primes are not perfect squares. 

3 * l / rj^yA 


(b) [2 points] Any perfect square Ls not a prime. 

% 'i* -> N p(»l 


(c) [2 points] A perfect square number Ls necessary for being odd. 

rsi a 


(d) [2 points] No perfect square even. 




(e) [2 points] All even integers are neither perfect squares nor primes. 
v<. till * 
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(3) [9 points] Using rules of inference show that the following argument is valid 

p^{q->r) „ p_> ( - ro 
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, • a *. 7 n _ on ;c divisible by 5, for any integer n > 1 • 

(4) 110 points] Prove by mathematical induction that 
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(5) [8 points] For any real numbers a, 6, and c. If a -f b 4- c 
square. Use Direct Proof . 

V — Cb b;-C — £ ft — ~ ° 


First Semester 2013/2014 
= 0, prove that b 2 - 4ac is a perfect 



'tS jsi-Pef' ec L ' 


[qJz o^c- 


— _cl 


rpj_Skts^/\J W 2 - - 



Ca -v-c ) 




2 fc/ 


b ^ — •- — M a t — — < 






(G) [7 points] For any sets A and B, prove 


that (A-B)U(AnB)C A.) 


rA-F'i U CAP ft) 

I £ c y £ A 

Iphy^ .- A r A0R>^^ ^ A A&) 

\ct^ fv — A 0 Q U 

jgi — Aa TJ 
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(7) A relation R on Z is defined as 


Va,6 € Z : aRb <=$■ 3|a 2 - 6 2 a 2 -^ 2 -3A 

(a) [6 points] Show that R is an equivalence relation. 




V. 



3 na 


G—=^3,JCS-X 


-GX 




v CA.-X- -t-g^j g-b — ^ — b~f\~0. 





oO- -> b z - 3> £ 


f-o-sVvc^ — b '*'-- - 
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t. _ 
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- - 3 A 


i± 3=-^|, a 


^ vO 


0- _^caur\ ~>v/C - 


(b) [2 points] Find three elements of the equivalence classes [0] and [-1], 

[ 0 ] = 

[- 1 ] = 
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(1) [8 points] Let p: u I will read the newspaper 
Consider the statement: 


q:“ / will buy the newspaper ” . r;~ / have money ’ . 


“ if I have money , then I will buy the newspaper and read it 


Answer the following questions for the above statement, 

(a) Give the Symbolic form. 

r % A p 


(C|,Ap)* <\iCf VAJp 


(b) Give the contrapositive in English. 
Aj(q A P ) ~y\ir : 


'>F ; buy 


(c) Give the negation in English. Do not use “it is not the case”. 

w [r_ n , P 3 - ~i>rv (ot ,p)3 -- 

i ctott ’4 Ytat/e, money ‘win or r eQ>( j 

(d) Rewrite the original statement using unless. * l * *3$ P > P — => ^C^I/ajP 

i co\vi hav/c unless i don’4- buy 


(2) [8 points] Given P(x.y): w x plays with y ” , N(x) : v x is nice 71 and F(x) ”x is funny 
Assume the domain for x and y is all students. 


(a) Give the English for: : -«P(x, Jassim) 


Soto- 

So W\e don ‘4 


tOt Ah tvi 


(b) Give the symbolic for : All funny students play with all nice students. 

\J x s PCY\ |\Hx\ 



Give the Symbolic for : Not all students play with some nice students. 

^»Vxj ».p(x^ KKx^ ; x T P( x , y) — > 



VX 1 <S A)P(y,y) A U {vl 


(d) Give the English for : ->3 x,Vy : F(y) — > P(x,y). Do not use “it is not the case”. 
Rr flCrf — SO WC i'a fbom .p ^ 

Crtt— — 6HPe 

Mo 6\uc)eil '4 CJre fenny pla^ m'.H, al | 
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(3) [8 points] The cat neither under the bed nor in the kitchen. The cat does not drink water unless 
it did not eat the cake. If the cat ate the mouse, then either it is under the bed or in the kitchen. 
The cat either drank water or ate the mouse. Therefore, if the cat ate the cake, then it is not under 
the bed. 

(a) Convert the above propositions to symbols. 


^ to'r Unless <\jS a S *\) C 


3. 

4- 


^ T 5 v % ^ v p v % 

r V V, 


°° S — ==? aj p c CoS VroP 


c we v ^ 


(b) Show the above argument is valid. 


L <S^P A 

OO OJp 
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(4) [4 points] True or False and give the reason, 
(a) 3n G Z.V6 G Z : a + b = 2. 

P’etise ® + b g. 

a+b s lo is r for an ^ 0> b q 2 


(b) 3 i6fi: 


x 


n/2 


is rational but not integer. 


Ira 


e / to hen x - 3 » s •tol-lonai 


(c) Vp € N : if p is divisible by 5, then 2 P — 1 is prime. 

P 

Q. — V is prime 


o • 5k 

P - •&* 


1 


-=? 


l--_ I- 


(d) Vn € Z + , 3t € Q + : t 2 - n - 1 = 0. 
t = 1 

i t'l/ie. 
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(> r ») [G points] Show 

that if n 2 

O vs. ^ 

vuv • 


'- n + t 

n ' -- ak + 1 . 

* > 

l 3 k 

n * - Gk-u 

- 3k ^ 


V<S od 
•+ I I r 


is 


<4 k -v > 


• Qk v l *- 1 = 3-k + 3 


even 
. ^ 

^ Q.( VmO 


(6) [6 points] Let Tq = 0, T n = 2T n _i + 2” for n > 1. 


Show that T„ = n • 2 n , for n > 0 

- B<yse ; $ 0 - Q c - o *% T 

- 4hes> Sf p(k\o | _ k. • 3 l< ( |< ^ 0 

Tn<)uc^on c {Hk+U i \ vc-tv - k t i . o K>/<5 

. — . - 7 - h . YUV 

^ In., aTn_j + a __ a <, k - a* ) + a 

- * k * ^ -v a k+l _ 


( ^ +0 
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(7) [8 points] (a) For any sots .4, B, and C. Show that (Al) Hi) C) U (A - (B U C)) = B U C 


AOftgc u (A _(Buc] 
-- ^4 c\ § o’c ) U (A 
l ft a c ^ u ( a d a ] 





.Un'Mt' U l A 
1 Bac H - A U A o 

b rTc , bo"c 


jjif (])) Prove by contradiction, for any sets A and B , if A C A B, then A fl B 0 

A ^ A _ B —5 AnB - <2S 
suppose iXA ?. A c. 4 ^ A^B y.o 

^ 6 ( A' — • V.&A a x $ 0> 

& xeA a )ceB c 

A <9. f An ) (5 * . A < ( Aab 1 A A n A <k & 

A - A _ B • V6A x e M _&) 

*6 A 

& xe ( A - B ) 

oo X 0 A a vg (B 

y & A 
ob 

s-i^ce x g A a yep. 

stipposiPt om. 


(8) [4 points] Answer the following questions for each relation. 

(a) Assume R C A x A. Let A = {1,2,3} and R = {(1, 1 ), ( 1 , 2 ), (1,3), (2, 1),(2,3)(2,2).(3.3)}. 
State the missing properties and explain why. ^ 

***'** ' *8 O 

' 4Mic HU16R . u ,n buv -a ^ i 



(b) Consider the relation at (a) : Is R an Equivalence Relation? Is 72 a Partial Order Relation, 
each ease state why. \ vie 

bo\- . buV acA SUwwGWic. 


(9) [8 points] Given R C Z + x Z + . Let aRb <==> ah ^ 0. Prove or disprove relation properties. 


CD ftGPttxtvjO* 


CM.C1 ; 1 • 1 / 
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(1) [6 points] Given: 

P : “The cat will bite mouse" , q : u The cat will play with the mouse 
r: “The cat will be happy" , s : “The mouse will be happy 

Answer the following: 

(a) Write the english statement using whenever : ~^p — > r A s 



(b) Write the symbolic for : The mouse will be happy unless both the cat will not be happ> and will 
bite the mouse . 


(c) Write in English using only ( or , not ) : p A — > t 


(2) [G points] Let : E{x) :“x is even number”, P{x) : “x is prime”, V(x,y) : u x is divisible by y”. Where 


the domain for x and y is Z . Answer the following questions. 


(a) Write the English statement for : Vx G Z,Vy £ Z : E(x) — > -W(x,y) 


(b) Write a symbolic statement for: All prime integers are odd. . 


(c) Write english statement for: 3x G Z, 3y € Z : l 7 (x,y) A ~^E(y). 
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(3) [8 points] Ilellen was not in the bedroom and the light was on. The light was off when the diamond 
ring was stolen. If Hellen went to the bedroom, then the light was off. The diamond ring is stolen or 
Hellen was in kitchen . If Hellen was in the kitchen, then She drank water. If hellen ate an orange the n 
she was thirsty and did not drink water. Therefore, neither the diamond ring stolen nor Hellen ate an 

orange . 

(a) Convert the above argument into symbolic form. 







(b) Using the Inference rules, to show the above argument is valid. 
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(4) [6 points] True or False. Justify your answer. 

x 

(a) 3 x,y € Z : - = x + y . 

y 



^-^2 

~"-H — -= — —2. l - “2. 

2 


(b) Vx, y e Z 


x 2 4- y 2 > 0. 



T 


x ,y 2 ^-o 

x' -<• y z 


(c)(3)- € Zyy € /? : y 2 \fx = 0. 

- **Tyv.(? Y — O 


— 1 4 i^-A— — — u 

uv'b . »/~cs cr v w v < L . r\ — n> 

2^- - o — *—a 

1 1 U ■ 1 ■ — — * 1 

O 

L— i'-Y'(XP 

” -- j 

' \y ^c_ 


(5) [6 points] Show that n(n 2 - l)(n + 2) is divisible by 4 for all integer n. 



— e-v^-vi vi = 2 4 4 


C>fcl ' — Vi C Y\ 2 — V -) -g-4 i ■■* 1) . 2^ -K— C ^ K 1 - O — L-2-K^_2_2_ 

r j-'i UCtM •( K-*t \)~l 


~~ » W 


-W-g r . ft. 


2 — V=\ 






—— K'P-I 






6 ^ 'K ■V'A^- 2- ^3 — * — ^ H I ~b 2 3 


•C-2-M - \ ) c m r< L 4 



- C - 2 K -4-S— y 


M - C C - a m -v4-4 k * - v k J • (i 


M- 


-M2 
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2 2 2 1 

(6) [6 points] Show using induction that - + -^ + ... + — = 1- for n > 1 

3 3 n 3 






~ -6 os4 -^ - -t t ^b - w 



L[iS^ 



~ z 






®Avx (3 uc-^AV-6— _S-b_eJ^ — 1? — ic - 1 V\ ~ 


^ s u-p p o>e — v-J- 
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(7) [C> points] Show using set identities that A U B U [A n B n C) = A U B U C 


Lei — 


S— u - C r a c ) 

(S u T )n (-4uL) — 

— JlC-^A-I--) ..U-(-Aft-R)-^ - Ai(A u£j U-cL] 

-['-^AA-B-u K) n f N q R'J’Sl n £ A w g u<f ^ 

C Lumb ^ A L.'ie. ^ n laubucO 

yg-U-fL AJXuA A_- *- - 

Z^rj. -P 

— v 

(8) [G points] Prove by contradiction that if A C B, then A — D — 0 


UL-A-cJ^ 


tKe-U 



CqdA U f c l d t C ^^LcrV-a 

$*Ajp_po s e — 4Uo v -e — ^ — ^seL s — MB — S uaL th^^ 
&<=-%,— &~d fe - 8 ^ --g- 


!«-- b_^c 6 (y^_B 

^-TfefrA^&E. 

€ A /*’ X ^ & 


I — - — - 

' - St ' A£ A * 3 

— ^ — £rK — 
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(9) [8 points] Answer the following questions: Given A = {1,2,3} .Let N he relation on A such that 
— l(l’ (->-)> (1,2)} . Is /? reflexive, symmetric, antisymmetric, transitive? Explain . 

i * 1 %J 

V> ^ 

(bi ( hi I 





y — bu-t-G-'Z-- >*■ 




6"^ A- (^2:0 

- T A-f T- 


4 -=-Z_- 
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_ £ b ) J e Pi A O ) 2 ) -• R f u T 
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CJU2G)^£Ux-G^ tms-p , — , C Zj2) 6 XI 
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(10) [6 points] V«,6 e Z : nSb < 


4- ic rli\ r iciKln lnr 
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